TALE homeodomain proteins regulate development in many eukaryotes. Now, Lee et al. (2008) report that two TALE homeodomain proteins control zygote development of the unicellular green alga Chlamydomonas. This implicates TALE gene loss and diversification in the evolution of new diploid body plans that appeared when land plants evolved from algal ancestors over 450 million years ago.
How neural stem cells are regulated to ensure that the correct number and type of progeny are generated at the correct time is a fundamental question in neurobiology. Beyond improving our understanding of neurogenesis, the answer to this question may have a direct impact on the therapeutic use of stem cell technology. In this issue of Cell, Maurange et al. (2008) uncover a temporal control mechanism in the neural stem cells of the Drosophila melanogaster larval central nervous system (CNS). This temporal control mechanism regulates the switch from early-to late-born neuronal cell fates in Drosophila larvae, eventually leading to either a terminal stem cell division or programmed cell death. Remarkably, stalling Drosophila neural stem cells in an early temporal state resulted in continuously dividing stem cells that generate extra early-born neurons in the adult CNS. This observation is striking as neither neural stem cells nor neurogenesis are normally found in the adult fly.
During development, Drosophila neural stem cells (neuroblasts) divide asymmetrically to self-renew and generate a ganglion mother cell (GMC) at each division. GMCs divide only once, producing two postmitotic cells: either neurons or glia (Figure 1 ). Each neuroblast gives rise to distinct neuronal cell types in an invariant order, much like the progenitor cells of the vertebrate cerebral cortex (Pearson and Doe, 2004) . In the Drosophila embryo, neuroblast temporal identity is governed by the sequential expression of the transcription factors Hunchback (Hb), Kruppel (Kr), Pou Domain protein (Pdm), and Castor (Cas). GMCs and their neuronal progeny maintain expression of the transcription factor transcribed at the time of their birth, thereby linking cell fate to birth order (Isshiki et al., 2001 ). The neuroblast transition from expressing Hb to expressing Kr, and the progression through later temporal states of development, requires the expression of Seven up (Svp), a transcription factor belonging to the COUP-TF subgroup of the nuclear receptor family (Kanai et al., 2005) . Following embryogenesis, Drosophila neuroblasts enter a period of quiescence before entering a second period of proliferation during the larval and pupal stages. Larval neuroblasts are a powerful model for studying self-renewal and differentiation in the CNS. In particular, recent experiments in Drosophila have shown that misregulation of asymmetric cell division can lead to brain tumors (reviewed in Doe, 2008) . However, the temporal control mechanisms operating within the majority of postembryonic neuroblasts have not been identified so far. Maurange et al. (2008) now find two distinct temporal subsets of neurons in the larval CNS. Early-born neurons are marked by expression of the BTB-zinc finger protein Chinmo, whereas smaller late-born neurons are marked by expression of the BTB-zinc finger protein Broad Complex (Br-C). Having identified the two temporal subsets of neurons, the authors sought to identify what regulates this switch in protein expression. The embryonic temporal regulator Cas is known to be re-expressed in larval neuroblasts (Almeida and Bray, 2005) . The authors find that, preceding the switch from neuronal Chinmo expression (Chinmo + ) to Br-C expression (Br-C + ), larval neuroblasts transiently re-expressed Cas, followed by expression of the temporal regulator Svp ( Figures 1A and 1B) .
Next, the researchers sought to investigate the role of these redeployed factors in the temporal identity of postembryonic neuroblasts, and in the Chinmo + to Br-C + Figure 1C ). Thus, Svp is needed for the temporal progression of larval neuroblasts, and loss of Svp or continuous Cas expression can maintain neuroblasts in a young state (Maurange et al., 2008) . Interestingly, it has been shown that in Drosophila embryos, Svp is also required for progression of the temporal development cascade (Kanai et al., 2005) and that continuous Hb expression can circumvent this regulation to maintain neuroblasts in a young state (Isshiki et al., 2001; Pearson and Doe, 2004) . Maurange and coworkers observed that ectopic expression of Hb could also block temporal progression in larvae in a similar manner to Cas, perhaps suggesting a common mechanism for the actions of these two transcription factors.
Is this temporal control mechanism also involved in regulating the end of neuroblast proliferation? Type II neuroblasts of the abdominal ventral nerve cord (VNC) terminate proliferation by apoptosis during the larval stages (Bello et al., 2003) (Figure 1B) . However, type I neuroblasts of the central brain and thoracic VNC must proliferate for longer to produce the adult neurons required for these more complex regions of the CNS. Type I neuroblasts stop proliferating during pupal stages of development through an unknown mechanism. Maurange et al. found that, in pupae, type I neuroblasts undergo an atypical mitosis that is much slower than that during larval life. This slow mitosis led to a presumptive terminal division that resulted in two progeny cells of almost equal size. Prior to this terminal division, the transcription factor Prospero (Pros) was found to enter the neuroblast nucleus ( Figure 1A) , an event that also occurs in the GMC prior to its terminal division. In the GMC nucleus, Pros is known to repress the expression of genes required for self-renewal and to activate the genes that promote differentiation (Choksi et al., 2006) . The authors found that in neuroblast clones lacking Svp or ectopically expressing Cas, there is one persistent neuroblast that continues to divide through adulthood, producing excess Chinmo + neurons ( Figure 1C ). What is extremely interesting about this overproliferation is that a single neuroblast divides in a controlled fashion, but divides for longer. This contrasts with clones in which the asymmetric division machinery has been disrupted, where uncontrolled division by excess neuroblast-like cells generates a tumor (reviewed in Doe, 2008) . Stalling temporal progression in this way also blocks the apoptosis of type II neuroblasts, leading to ectopic proliferation during late larval stages.
What then are the effectors of the Cas/ Svp temporal control pathway? Maurange et al. (2008) found that embryonic expression of Cas was necessary for neuroblasts to express the transcription factor Grainyfigure 1. Regulating the Temporal Identity of Drosophila neural stem cells (A-C) Drosophila neuroblasts self-renew and bud off a smaller ganglion mother cell (GMC) that divides once to produce two postmitotic neurons. In the larva, expression of the transcription factor Seven up (Svp) and downregulation of the transcription factor Castor (Cas) in the neuroblast control the switch from production of neurons expressing Chinmo (Chinmo + ) to production of neurons expressing Broad Complex (Br-C + ). Shown in (A) is division of a type I neuroblast. Cas and Svp regulate the terminal division of the neuroblast in the pupa. Prior to this division, the transcription factor Prospero (Pros) and its adapter protein Miranda become relocalized in the cell, and Pros enters the neuroblast nucleus. Shown in (B) is the division of a type II neuroblast. In the larva, Cas and Svp regulate the apoptosis of the neuroblast. Apoptosis is triggered by a pulse of the Hox protein Abdominal-A. Shown in (C) are type I neuroblasts that lack Svp or misexpress Cas and never switch from Chinmo + neuron production to Br-C + neuron production. These neuroblasts fail to exit the cell cycle and continue proliferating in the adult.
head (Grh) late in embryogenesis. Neuroblasts continue to express Grh throughout larval stages of development. Type I neuroblasts lacking Grh undergo premature terminal division, whereas type II neuroblasts lacking Grh do not undergo apoptosis but continue to proliferate. It seems that, rather than affecting the proliferative machinery directly, Grh ensures that neuroblasts undergo their correct lineagespecific temporal program. Therefore, both early and late temporal inputs are required to ensure timely exit from the cell cycle. An embryonic pulse of Cas expression is needed to activate Grh, whereas subsequent expression of Svp, and downregulation of Cas in larvae are needed to end proliferation at the correct time. Interestingly, disrupting Grh expression in larval neuroblasts has no effect on the switch from Chinmo + to Br-C + neurons. Therefore, the Cas/Svp-dependent temporal control pathway seems to use different downstream targets to regulate the properties of the neuroblast and its progeny.
With their new study, Maurange et al. (2008) show that the transient expression of temporal regulators can have lasting effects on both the proliferation of the neuroblast and the cell fate of the progeny it produces. This work generates a number of intriguing questions. What are the common targets of Cas and Hb that regulate "young" stem cell identity and have the potential to induce seemingly indefinite proliferation? How does Svp counteract these factors to bring about the aging of neuroblasts? Do the persistent adult neuroblasts generated by stalling temporal progression still have the capacity to generate later-born Br-C + neurons? It will be interesting to see whether inducing a pulse of Svp expression in these persistent adult neuroblasts drives them through their normal temporal progression such that they switch from Chinmo + to Br-C + neuron production and eventually initiate a terminal division. In addition, Drosophila neuroblasts are known to lose volume with each division and shrink as they approach quiescence in the embryo (Hartenstein et al., 1987) or terminal division in the pupa (Maurange et al., 2008) . Given this, how do the temporal control mechanisms explored by Maurange et al. (2008) regulate the size of neuroblasts, and what role might this regulation play in cell-cycle exit? The new work suggests that manipulating the temporal identity of neural stem cells might be a fruitful way to engineer the behavior of these cells in a controlled manner. It will be of great interest to see what roles analogous temporal factors play in the neural stem cells of the developing vertebrate CNS.
The life cycle of sexually reproducing organisms comprises both haploid and diploid stages. In the green alga Chlamydomonas reinhardtii, both haploid and diploid phases of its life cycle are unicellular-the fusion of haploid cells (gametes) leads to the formation of a diploid cell (zygote) that then undergoes meiosis to regenerate more haploid individuals. The life cycles of land plants differ from that of Chlamydomonas in that they comprise multicellular haploid (gametophyte) and multicellular diploid (sporophyte) stages. In seed plants, for example, the diploid phase of the life cycle is dominant and displays greater morphological diversity than the haploid stage. Land plants are derived from a group of algae in which the diploid phase consists of only a zygote, as is the case in C. reinhardtii. Little is known about the specific factors that control the development of the earliest stages of the green plant life cycle. Elucidating the genetic
